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Abstract

1
In vivo micro-computed tomography (µCT) scanning of small rodents is a 2 powerful method for longitudinal monitoring of bone adaptation. However, the 3 life-time bone growth in small rodents makes it a challenge to quantify local 4 bone adaptation. Therefore, the aim of this study was to develop a protocol, 5 which can take into account large bone growth, to quantify local bone 6 adaptations over space and time. The entire right tibiae of eight 14-week-old 7 C57BL/6J female mice were consecutively scanned four times in an in vivo The proposed protocol allows to quantify local bone adaptations over an entire 19 tibia in longitudinal studies, with a high reproducibility, an essential 20 requirement to reduce the number of animals to achieve the necessary statistical 21 power. would fail in a longer time interval (e.g. 2 weeks) due to the significant shift and changes of bone structure caused by bone growth. Therefore, in this study, a 1 novel protocol that aims to account for large bone growth was proposed to 2 quantify the local bone adaptationover a larger volume of interest (80% of 3 mouse tibia) and over space and time. The detailed information on animals can be found in Lu et al. [2015] . In 8 summary, eight 14-week-old female C57BL/6J (BL6) mice were used and the 9 mice were well housed before the experiment. All the procedures were 
In vivo µCT scanning
13
The details of the in vivo µCT scanning were in Lu et al. [2015] . In summary, 
17
For the duration of the scanning, the mice were placed on a heating pad, 
22
The radiation dose from the µCT scanning was estimated to be approximately 23 500 mGy for each scan, which has been proved to cause no significant effect on 
Image processing and calculation of bone parameters
26
In the image processing chain, first, an alignment procedure was defined so 27 that all tibiae, regardless of their positions in the scanner, were aligned to the 28 same anatomical reference system. In the alignment procedure, the tibia from 1 the baseline scan was taken as the reference, referred as baseline scan 1 2 thereafter. The tibia of the baseline scan 1 (Figure 1a) was placed back into its Following the standard procedure, the bone morphometric measurements 
22
PEs were expressed as the coefficients of variation (CV) (PE %CV ). where, m is the subject number (m = 8 in the current study) and is the mean 1 of all for subject j.
2
The LSC was calculated as follows:
where, Z-score corresponds a two-tailed 95% confidence level (Z=1.96), while 5 n 1 and n 2 are the number of measures performed at baseline (n 1 ) and follow-up 6 (n 2 ), respectively.
7
The ICC is the ratio of the between-subject variance divided by the where, F 0 is the ratio of between-subject mean squares over the residual within-11 subject mean squares and n is the number of repetitions (n = 4 in this study). 
Results
14
The tibial length has a PE %CV of 0.11%, a LSC of 0.13% and anICC of 0.99.
15
Bone morphometric parameters have PE %CV ranging from 0.49% (Ct.Th) to 3.59% In this study, a novel protocol, which can take into account large bone 6 growth, was developed to quantify local bone adaptations over space and time. protocol is irrespective of the µCT systems and µCT voxel size.
13
The proposed protocol was made efficient by selecting 80% of the tibial 2010], can be quantified using the protocol developed in this study.
20
In this paper, the tibial VOI was partitioned into 40 sub-volumes. showed that when using smaller size of compartments over which the BMC is 15 averaged would considerably degrade the reproducibility of the measurements.
16
This strongly suggested that when dealing with the bone with large growth, the 17 image voxel-level comparisons need to be replaced with the protocol proposed 18 in this study, which can take into account the relatively large bone growth.
19
In conclusion, a novel protocol, which can take into account large bone 20 growth, was developed to quantify local bone adaptation over space and time
21
and high reproducibility of the local BMC measurements was found. In the 22 future, the protocol can be used in longitudinal image datasets to quantify local 23 bone adaptation over space and time. 
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9
CIs were to determine how accurate the PEs were and were determined for 10 each of the PE %CV values using a chi-squared distribution ( ).
where, df is the total degrees of freedom (df = 24 in the current study).
13
The 
